Isoniazid Preventative Therapy (IPT) is recommended for children aged less than 5 years that have been in contact with an open case of TB, and screen negative for TB, to prevent the risk of TB progression. We examined IPT uptake among child household contacts of TB index cases, within a TB case detection study, in a high TB burden region. A cross-sectional study involving all IPT-eligible children drawn from a TB case detection study was done in Kisumu County, Kenya between 2014 and 2015. By linking a subset of the study database to the TB program IPT register, we described Child contacts as initiated on IPT and TB index cases as having child contacts initiated on IPT based on whether their names or their child contacts names respectively, were found in the IPT register. Logistic regression analysis was used to describe index and contact characteristics associated with IPT initiation. Of 555 TB index cases recruited into the study, 243 (44%) had a total of 337 IPT-eligible child contacts. Forty-seven (19%) index cases that had child contacts initiated on IPT; they were more likely to have been diagnosed with smear positive TB compared to those who were diagnosed with smear negative TB (OR 5.1, 95%CI 1.1-23.2; P=0.03) and to reside in rural Kisumu compared to those in urban Kisumu (OR 3.3, 95% CI 1.6-6.8; P<0.01). The 51 (15%) child contacts that were initiated on IPT were more likely to be were first degree relatives of the index case compared to those who were not (OR 2.6, 95% CI 1.2-5.5; P=0.02) and to reside in rural Kisumu compared to those in urban Kisumu (OR 2.6, 95% CI 1.2-5.1; P<0.01). IPT initiation, which is influenced by index and contact characteristics, is suboptimal. The TB program should provide health worker training, avail appropriate pediatric TB diagnostic tools, job aids and monitoring tools, and ensure continuous supply of medication, and to facilitate IPT implementation. Additionally, targeted health education interventions should be formulated to reach those who are unlikely to accept IPT.
Introduction
Tuberculosis is highly infectious; a person with active TB can infect up to 15 persons a year through close contact. 1 A person acquires TB infection via inhalation or ingestion. 1 In 90% of infections, the primary infection is self-limiting and eliminated by the hosts' immune mechanism. In 5-15% of infections, viable bacteria may either spread to the blood stream leading to TB lesions in multiple organs, or be suppressed into an inactive form called Latent tuberculosis infection (LTBI). 2 Persons with LTBI (also called asymptomatic infection) cannot spread TB; however, if left untreated, 5-10% of persons with LTBI will develop disease and contribute to infectious TB cases. 3, 4 Persons with asymptomatic infection are at risk of reactivating their infection; for this reason they are screened using chest X ray to determine whether they should receive chemotherapy or chemoprophylaxis. 2, 4 Chemoprophylaxis with Isoniazid is given to persons with LTBI identified during contact tracing to prevent disease progression, and to patients with healed scars of TB to prevent recrudescence of TB. 4, 5 It achieves an efficacy of 90-93% on full completion. 3 Among adults, 88 contacts should be treated to prevent one case; however, among children aged 0-4 years, only 6 contacts should be treated to prevent a case of TB. This justifies the use of chemoprophylaxis in children aged less than 5 years. 3 Based on the WHO guidelines, the TB program in Kenya therefore recommends IPT administration for children aged less than 5 years, who have been exposed to an open case of TB, and screen negative for TB. 6 The prevention of TB among contacts of TB source cases depends on their willingness to accept and adhere to a chemoprophylaxis regimen. Nevertheless, even with sub-optimal completion rates, chemoprophylaxis affords an absolute risk reduction rate of 1.1%. 3 In Kenya, of 28 smear positive cases reported in one quarter in 2012 at the Jaramogi Oginga Odinga Teaching and referral hospital, the largest regional public health facility in the former Nyanza province, only 18 [page 25] than 6 years is recommended by the national TB program − only 14% of contacts aged less than 14 years were screened for TB and only 19% of contacts aged less than 6 years had been initiated on IPT. There was no documentation of completion rates. 7 Only 27% of contacts who met criteria for referral for IPT in Australia in 1991 were referred for chemoprophylaxis and once referred, fewer actually got treated. 8 This paper examined the uptake of IPT among children who were identified as household contacts of index cases of patients with TB within a TB case detection study in Kisumu County, Western Kenya.
Materials and Methods

Study design and setting
A retrospective cross-sectional study of all IPT-eligible children, based on the TB Control guidelines in Kenya, was done in Kisumu County, Kenya between 2014 and 2015. 6 Kisumu County located in Western Kenya, has a population of 1,097,307 of whom 17.4% are aged less than 5 years. 9 The county has 109 drug-susceptible TB treatment sites, 75 drug-resistant TB treatment sites and 80 TB diagnostic sites. 10 In 2015, the TB incidence was 105 per 100,000 and the TB prevalence was 306 per 100,000. 10 The TB contact investigation study identified all household members aged less than 5 years who had been in contact with an index case of drug-susceptible TB, currently registered at TB clinics within Kisumu County. All household contacts all underwent TB screening after which they were referred to the TB clinics for further management. No treatment was provided within the study.
Study population
All children aged less than 5 years drawn from the TB contact investigation study, who had been in household contact with a Tuberculosis index case and were not diagnosed with TB, whose parents or guardians consented to their participation in the study, were eligible for inclusion.
Clinical care
As per the Kenyan TB program guidelines, all children aged less than 5 years (child contacts) who have been in household contact with an index case of TB and have not been diagnosed with TB, should be given TB prophylaxis using Isoniazid Preventative Therapy (IPT) for a period of 6 months. During the period of IPT administration, persons on IPT should be routinely screened for TB symptoms in the event there is a need to stop IPT and commence TB treatment. Additionally, they should be reviewed for adverse events at each visit. 6 
Procedures
Preparation of study databases
Demographic and clinical information of children aged less than 5 years who were not diagnosed with TB were abstracted from the TB Contact Investigation study's electronic databases (Database 1).
As the details of IPT initiation and completion were not documented by the study; we reviewed IPT registers from the TB program to find out whether study participants had received IPT. Clinical and demographic details of all persons who had been initiated on IPT in Kisumu County in 2014 and 2015 were obtained from the county's TB program databases (Database 2). Database 2 included identification details, dates of IPT initiation, whether or not the participant completed IPT and dates of Completion of IPT. Reasons for non-initiation and noncompletion of IPT were not documented in the IPT program registers.
Manual linkage of participant information
The two databases were linked using participant identification details, ages, dates of enrolment into study, dates of determination of IPT eligibility and dates entered into the TB program registers to form a new database (Database 3). Because the index case and his or her household contact were not obliged to attend the same clinic, the clinic names were not always used in the linking process.
Data analysis
A descriptive analysis was used to summarize socio demographic characteristics of TB index cases and their contacts. Child contacts were described as having been initiated on IPT if their names were documented in the IPT register. TB index cases were described as having their child contacts initiated on IPT in the names of the child contacts were found in the IPT register. Logistic regression analysis was used to describe index, and contact characteristics associated with IPT initiation. A cut off of P<0.20 in univariate analysis was used to determine variables to include in the multivariate model. Using backward elimination, a final model was developed by retaining variables that had a P<0.05. 11 Analysis was done using SAS 9.2. 12
Ethical considerations
Ethical approval to conduct this study was granted by the Kenya Medical Research Institute Ethics Committee (SSC 2408).
Results
Identification of child household contacts of TB index cases
A total of 2396 TB index cases were diagnosed in Kisumu County in 2014 and 2015; 10 of these 19% (555) were recruited into the study. The majority (n=445; 80%) had at least one household contact and approximately half of them (n=243; 55%) had at least one household contact aged less than 5 years.
The 243 TB index cases had a total of 345 household contacts aged less than 5 years in this ratio: 161 had one child contact each, 65 had two child contacts each, 14 had three child contacts each and 3 had four child contacts each. Eight of the child contacts linked to 8 TB indexes were diagnosed with TB; there were 2 child contacts with TB among index cases that had one child contact each, 2 child contact with TB among index cases that had two child contacts each, 3 child contacts with TB among index cases that had three child contacts each, and 1 child contact with TB among index cases that had four child contacts each.
The 337 who were not diagnosed with TB were therefore eligible for IPT initiation. 6 The contacts that were eligible for IPT initiation were 159 among index cases that had one child contact each, 128 among index cases that had two child contact each, 39 among index cases that had three child contact each, and 11 among index cases that had four child contact each. Only two of 8 TB index cases that had a child contact diagnosed with TB had only one child contact living with them, the other 6 had more than one child contact household contact living with them that were not diagnosed with TB and were therefore eligible for IPT initiation. This therefore means 241 TB index cases had IPT-eligible child household contacts ( Table 1 ). The ratio of the total number of TB index cases recruited into the study to number of child contacts aged less than 5 years was 1:0.62.
Characteristics of TB index cases
Majority were aged 15-45 years (80%), male (53%), from urban Kisumu (69%), non-smokers (89%), had one child household contact (68%), presented with cough (81%), had pulmonary TB (93%), which was smear positive (84%), with abnormal chest X rays (87%) and were HIV positive (52%) ( Table 1 ). The mean age of all TB index cases was (n=554) was 32.7 (±13.9) years and the mean age of TB index cases with child contacts (n=243) was 30.9 (±13.1) years (Data not shown).
TB index Factors predictive of IPT initiation among child household contacts after household exposure to an index case of TB, Kisumu, County, 2014-2015
Forty-seven (19%) of the TB index cases had their child contacts initiated on IPT. This included 3 index cases that had two household contacts each that had both child contacts initiated on IPT, and 1 index case who had three IPT-eligible child household contacts but only two initiated on IPT (Table 2 ). Index cases that had their child contacts initiated on IPT were more likely to reside in rural Kisumu compared to those in urban Kisumu (OR 3.3, 05% CI 1.6-6.8; P<0.01) and to have been diagnosed with smear positive TB compared to those who were diagnosed with smear negative TB (OR 5.1, 95% CI 1.1-23.2; P=0.03) ( Table 3 ). There was a higher proportion of contacts initiated on IPT where the index cases had more than one child contact compared to when the index had only one child contact; but this was not statistically significant (Table 3) . 
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Characteristics of IPT-eligible child household contacts
Majority were aged <4 years (80%), male (52%), from urban Kisumu (68%), were first degree relatives of the index case (66%), had shared living quarters with the TB index case for 90 days or more (68%) during which they had a daily contact of at least 8 hours duration (69%), had shared a bedroom with the index case (61%), had received BCG vaccination and a scar was visible at the time of interview (90%), had never received TB prophylaxis (95%) or treatment in the past (99%), were HIV negative (96%) and were asymptomatic (73%) ( Table 4 ). Data not shown indicates that among the 51 Contacts, who were initiated on IPT, 38 were children (20 daughters and 18 sons) to the index cases, 6 were nieces, 3 were siblings, 3 were grandchildren and 1 was a friend.
Child household contact characteristics predictive of IPT initiation after household exposure to an index case of Tb, Kisumu, County, 214-2015
Fifty-one (15%) of 337 IPT eligible children were initiated on IPT. Children who initiated on IPT were more likely to be first degree relatives of the index case compared to those who were not (OR 2.6, 95% CI 1.2-5.5; P=0.02) and from the rural Kisumu region compared to urban Kisumu (OR 2.6, 95% CI 1.2-5.1; P<0.01) ( Table 5 ).
There was a higher proportion of contacts initiated on IPT where the contact was female, had received BCG vaccine but there was no scar present, and had ever received IPT in the past. However, this did not achieve statistical significance. None of the contacts who had TB in the past was initiated on IPT (Table 4 ).
Discussion
Our evaluation illustrated a TB index case to child contact ratio of 1:0.62. This ratio was lower than that recommended by the WHO and Kenyan TB treatment guidelines of at least one child contact aged less than 5 years initiated on IPT, for every TB index case diagnosed (1:1). 13 This ratio however, has to take into consideration the mean age of TB index cases. In India, where the mean age of sputum smear positive patients was 46 years, the majority did not have a child contact aged less than 6 years. 14 However, in our study the mean age of all TB patients (including those with child contacts) was approximately 15 years younger. Nevertheless, this ratio may have also been higher if we were able to recruit more TB index cases and their household contacts, including those who declined to participate or were untraceable.
We found an IPT initiation rate of 15% among IPT-eligible children in this study. In the literature, IPT initiation rates in Africa range from 18% to 68%. 15 The 2006 recommendations of the Wolfheze conferences for contact investigation state that at least 85% of contacts with LTBI should be put on treatment with a minimum of three-fourths of them completing treatment. 1 This evaluation therefore illustrated that IPT uptake and completion rates were suboptimal. It is difficult to infer why IPT our IPT initiation rates were low since the reasons for non-initiation were not documented. In the literature, this variation has been attributed to low awareness by health workers, challenges in excluding a TB diagnosis, providers fear of toxicity, long duration of treatment and lack of parental knowledge on benefits of IPT. 15 These reasons may partly explain why the three contacts who had been treated for TB prior to the onset of the study were not put on IPT. Although this did not achieve statistical significance, there were more children who were initiated on IPT among those who had previously received TB preventative therapy. It is possible that their parents /guardians were well informed about the benefits of IPT prior to the second round of IPT initiation. In the literature, inadequate information provided by health workers has been cited as a reason for low IPT initiation rates. 16 Our evaluation also illustrated that children who were reported to have received BCG vaccine but did not have a scar were more likely to be put on IPT. It is possible that the clinicians felt that these children may have impaired immunity to TB. It was also possible that some children who received IPT may have not been documented since the program was in its inception (Kisumu County TB and Leprosy Coordinator, 15 th June 2017;Personal communication); the IPT initiation rates at the different localities may have varied from that we found or have been higher should all the children have been documented. IPT initiation was higher among child household contacts that resided in rural areas. TB clinics in rural facilities have a lower patient workload than those in urban health facilities. A high patient to health worker ratio has been shown to compromise quality of care, 17 as indicated by the proportion of patients who receive a recommended service i.e. IPT eligible patients initiated on IPT in our evaluation. 18 TB index cases that may have perceived themselves to be sicker, as evidenced by smear positive pulmonary TB, were also more likely to have their child household contacts initiated on IPT. Such persons may have felt that their children were at an increased risk of contracting TB from them. 1 IPT was more likely to be initiated where the contact was closely related to the index case and commonly a parent to the child contact. Index cases, who were minors (aged less than 15 years) or not a close relation to the child contact, may have not been in a position to make treatment decisions about child household contacts. In the lite- rature, where the index case was not a parent, attendance at IPT clinics was a lot less. 19 Published literature indicates that health seeking behavior by parents is better for male children compared to that for female children 20 and varies inversely with. 21 Although we observed a higher proportion of female children initiated on IPT, this was not achieved statistical significance. 22 Because we had to rely on programmatic data, difficulties were experienced in matching the research study database to those in the TB program registers. Therefore, the matching may have been incomplete. Additionally, IPT initiation within the TB program had just been launched; the program personnel had just commenced on completing the IPT registers and therefore may have not entered all the names of persons on IPT in the registers. Furthermore, there were drug stock outs that may have led to sub optimal IPT initiation and completion rates.
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Conclusions
Although Household Contact investigation in Kisumu county forms a good entry point for identifying child contacts in need of Tuberculosis Chemoprophylaxis, IPT initiation rates are suboptimal. The TB program should therefore train health workers on the importance of TB chemoprophylaxis and dispel their fears about Isoniazid toxicity and risks of resistance, avail TB diagnostic tools that can reliably exclude a TB diagnosis prior to IPT initiation and ensure continuous and steady supply of IPT to ensure optimal IPT uptake and completion rates. The TB program should also provide job aids and linked TB and IPT registers to facilitate the management of TB indexchild contact pairs and programmatic monitoring. Health education should be directed to ensure TB patients and their families, and the general population, understand the increased risk of contracting TB among children, the increased risk of TB progression once infected, and the importance of IPT prophylaxis. Targeted interventions should be formulated to reach those who are unlikely to initiate IPT. 
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